This paper is concerned with the microstructure observed in colloidal dispersions of charged polymeric particles and their interaction potential at very low ionic strength. Both aspects are probed with the aid of new experimental data for nonaqueous media. The structure factor of ordered dispersions ͑with methanol-water and ethanol-water solvent mixtures͒ was determined using static light scattering. A different behavior ͑in the studied range of molar fraction͒ depending on the alcohol type is found. These results are analyzed assuming a Yukawa potential and applying integral equation theories ͑the Ornstein-Zernike equation and the HNC closure͒. The obtained effective charge is almost constant for methanol-water mixtures, whereas a decrease with the alcohol molar fraction is observed for ethanol-water. In order to account for these effects, a charge renormalization procedure is applied and discussed. The surface charge turns out to be an unsuitable input parameter for such an approach.
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I. INTRODUCTION
Knowledge of the effective interaction potential between particles of a colloidal dispersion is still a task to which a considerable theoretical and experimental effort is devoted. This interaction potential accounts for several phenomena of relevance. For instance, it plays an essential role in the theory of colloidal stability, which is very important for practical and technological applications. The interaction forces between particles are also responsible for spatial ordering in colloidal dispersions. This order can be revealed by the iridescence observed with the naked eye for some concentrated suspensions, but mainly by means of sophisticated optical techniques, 1 such as static light scattering ͑SLS͒, which in some cases allows the measurement of the structure factor S(q). This property is related to the radial distribution function g(r), characterizing the abovementioned spatial ordering.
This work deals with the microscopic structure observed in dispersions of negatively charged particles at very low ionic strength. Under such conditions, the electrostatic interaction is so strong that other forces are negligible ͑e.g., the van der Waals dispersion forces͒. In addition, it is long ranged, so the observed spatial ordering takes place over distances considerably greater than the particle diameter ͑di-lute dispersions͒. The most widely used expression for the electrostatic potential in this case ͑spherical particles with large double layers͒ is the screened Coulomb ͑also Yukawa͒ potential, calculated by Overbeek 2 some decades ago
where e is the elemental charge, ⑀ 0 and ⑀ r are the dielectric constant of vacuum and the relative constant of the solvent, a is the particle radius, and
is the reciprocal Debye screening length. The sum is taken over the counterions and electrolyte ions with bulk number density i and valence z i . From a theoretical point of view, it must be stressed that this expression was derived under several assumptions: ͑i͒ the Debye-Hückel approximation for the distribution of small ions around macro-ions ͑colloi-dal particles͒; ͑ii͒ an excess salt limit; ͑iii͒ pointlike ions; ͑iv͒ infinite dilution. This expression can also be deduced in the context of primitive models, as reported by Medina-Loyola et al., 3 Beresford-Smith et al., 4 and Belloni. 5 The latter gave an extended justification of the Yukawa potential for low salt concentrations. As a result of ͑i͒, the Yukawa potential is strictly valid for systems with low surface potentials. For highly charged particles, one has to take the nonlinear screening by the counterions into account. However, several studies on primitive models suggest that the description of a strongly interacting system can be carried out using a Yukawa-like potential if the charge Z and the Debye screening length are considered rather as effective than bare parameters ͑then they are denoted by Z eff and eff , respectively͒. 4, [6] [7] [8] Several renormalization procedures have been proposed with the aim of predicting such parameters. A computationally simple one is the cell model proposed by Alexander et al., 9 which has been tested by simulation methods. 8, 10 At low volume fractions, numerical agreement between both approaches has been found. Some workers have used this renormalization procedure in order to explain the experimentally obtained effective charges. [11] [12] [13] [14] [15] However, its use is still a͒ Author to whom correspondence should be addressed. 13 found that the charges predicted using renormalization and charge regulation were moderately larger than the effective charges obtained from SLS data. Palberg et al. 14 suggested that the surface charge ͑determined by titration͒ was not a suitable input parameter for a renormalization approach. This idea has also been clearly outlined in a previous work, 16 as well as the fact that the structure of the inner double layer has to be considered.
As matters stand, one can conclude that the determination and interpretation of the effective charge is still a controversial question, which is intimately related to the validity of the Yukawa potential for charge-stabilized dispersions and the renormalization approach. A new possibility of addressing this problem is to look into the effect of the solvent composition on the spatial structure observed by SLS in these suspensions. This enables the modification of the interaction potential without changing the colloidal particles, varying their number density, or adding small amounts of electrolyte. As inferred from Eq. ͑1͒, the potential is explicitly modified by the changes in ⑀ r brought out by the solvent composition. It should be emphasized, however, that alterations in the effective charge must not be discarded because of several reasons. First, the degree of dissociation of the ionic surface groups ͑from which the charge arises͒ decreases with ⑀ r , as will be discussed later. Second, the charge obtained by renormalization depends on ⑀ r as well, regardless of the input charge used in that procedure. So the changes in the solvent composition could be a helpful tool to check the right application of renormalization approaches on experimental data and gain an enhanced physical understanding of the effective charge.
With this aim, this paper presents a study of the structural effects of the solvent composition in colloidal liquids. Experimental structure factors in nonaqueous media ͑methanol-and ethanol-water mixtures͒ are measured by SLS. The effective charges derived from them are interpreted and discussed in the context of the renormalization theory. The plan of the paper is as follows: First, the method for determining the effective charge from scattering data is briefly reviewed. Then details on the experimental procedures ͓latex characterization by means of titration and electrokinetic properties, determination of S(q)͔ are given. Finally, the results are presented and discussed with the aid of renormalization.
II. THEORETICAL BACKGROUND
From the viewpoint of statistical mechanics, there is a close analogy between a colloidal suspension and a classical simple liquid. So the integral equation approach of the liquid state theory can be used. 17 We will restrict this discussion to an isotropic distribution of monodisperse spherical particles. Accordingly, the short-range order characterizing the equilibrium structure of a colloidal dispersion can be described by means of the radial distribution function g(r). This function is proportional to the probability of finding a pair of particles separated by a distance r and can be theoretically calculated for a suspension with a particle number density and given an interaction potential u(r). This can be done as follows. On the one hand, the total correlation function h(r)ϵg(r)Ϫ1 can be split into a part c(r) describing the direct correlation between a pair of particles and another part measuring the correlation between this pair of particles but mediated by the rest of them. This can be expressed by means of the integral Ornstein-Zernike relation h͑r ͒ϭc͑ r ͒ϩ ͵ h͉͑rϪs͉͒c͑s ͒d 3 
s. ͑3͒
On the other hand, there exist several approximate relationships connecting h(r), c(r), and u(r). For instance, the mean spherical approximation ͑MSA͒ has been widely used since analytical expressions are available for the correlation functions when u(r) is a Yukawa-like potential. However, it leads to unphysical results for dispersions of highly charged particles, so a rescaling procedure was proposed. 18 The Percus-Yevick ͑PY͒ and the hyper-netted chain ͑HNC͒ approximations are more sophisticated schemes, but a numerical integration is needed for charged systems. 17 There exists a closure interpolating between the PY and the HNC ͑the so-called Rogers-Young closure 19 ͒. However, it is more time-consuming.
Finally, it should be stressed that g(r) is related to the structure factor S(q) by means of a Fourier transformation
͑4͒
S(q) can be determined from the time-averaged light intensity ͑per unit of volume͒ scattered by a colloidal dispersion, which is given by 20 I͑q ͒ϭK P͑q ͒S͑ q ͒, ͑5͒
where qϭ͉q ͉ is the modulus of the scattering vector, and is related to the scattering angle and the wavelength in the suspension by (4/)sin(/2), is the average particle number density, and K is a constant depending on the sample-detector distance, the incident intensity, and the nature ͑size, relative refractive index͒ of particles. The form factor P(q) contains the information on the internal structure of the particles. In a dispersion of noninteracting particles with a particle number density 0 , S(q)ϭ1, so the average intensity I 0 (q) for this reference suspension is
Equations ͑5͒ and ͑6͒ allow us to determine S(q).
III. EXPERIMENT A. Particle characterization
The latex used in the experiments was prepared from styrene by emulsion polymerization with potassium peroxidisulfate as initiator, NaHCO 3 as buffer, and Aerosol MA80 ͑sodium dihexyl sulphoccinate͒ as surfactant ͑this was necessary because it was desirable to have latex particles with diameters below 100 nm͒. 21, 22 The polymerization was carried out in a thermostat reactor fitted with a reflux condenser, stainless steel stirrer, sampling device, and nitrogen inlet tube. The size distribution of the latex was determined by transmission electron microscopy ͑TEM͒ ͑H-7000 FA Hita-chi͒. From the distribution the average diameter ͑͒ and polydispersity index ͑PDI͒ can be obtained. The PDI used in this work is defined as
where x i is the number fraction of species i ͑whose diameter is i ͒. The results are shown in Table I . The latex was cleaned by serum replacement, which took more than ten days. Thus the emulsifier used in the synthesis should have been removed as much as possible. Then, the latex was cleaned by ion exchange, stirring the latex with resins ͑Amberlite MB-3 suitably conditioned before use 23 ͒ for more than 4 h. The surface charge density was determined by both conductimetric and potentiometric ͑forward and back͒ titrations. The titration agents were NaOH and HCl. The particle concentration of the stock suspension was obtained by drying and weighing several samples. The experiments were performed with Crison instruments ͑pH meter and conductimeter͒, at 25°C in a stirred vessel flushed with nitrogen.
Electrophoretic mobility of polystyrene spheres in alcohol-water mixtures ͑molar fraction Xϭ0.08,0.15,0.30͒ at an ionic strength of 0.0316 M of KBr was measured using a Zetasizer 4 ͑Malvern͒. Average mobilities were determined from nine measurements ͑3 samples•3 measurements/ sample͒. These experiments were also carried out at 25°C. Density, viscosity, and dielectric constant values of methanol-water and ethanol-water mixtures were measured using a densitometer DMA-58 ͑Anton Paar͒, a viscosimeter AVS-310, and a Dekameter DK-300 ͑WTW͒, respectively. The refractive index of these mixtures was estimated interpolating between the ones corresponding to pure substances. The errors caused by this approximation should not be significant because the differences among the refractive indices of these substances ͑water, methanol, and ethanol͒ are quite small.
B. Structure factor determination
The setup for the light scattering experiments was a 4700C system ͑Malvern͒ with an argon laser of 75 mW and wavelength 0 ϭ488 nm. The scattering experiments were performed at 25°C, from 20 to 140 degrees in 2-degree steps. Average intensities were obtained from three individual measurements at each angle, with different cell positions to minimize the effect of scratches on the glass surface. Prior to measurements, samples were homogenized in order to avoid gradients in particle density.
The structure factor for samples with ϭ4.8 ϫ10
12 particle/ml in methanol-water and ethanol-water mixtures with molar fractions Xϭ0.08,0.15,0.30 were determined as follows. First, I(q) was measured for dilute samples ( 0 ϳ2ϫ10 11 particle/ml), in which spatial ordering ͑structure͒ is not expected, in order to determine I 0 (q). Then, samples at ϭ4.8ϫ10
12 particle/ml were prepared by dilution from the stock suspension ͑previously filtered through 1.2 m filters so as to remove large aggregates͒. Then, these suspensions were kept for at least ten days over a bed of ion exchange resin in cylindrical quartz glass cuvettes with outer diameters of 10 and 25 mm. During this period, the function I(q) was monitored. The deionization process was supposed to be complete when no changes in I(q) were observed. Finally, the structure factors were obtained, normalizing the reduced scattering intensity I(q)/I 0 (q) with its value at the highest accessible q ͓S(q) is expected to be 1͔. It should also be mentioned that the cuvettes were carefully closed and sealed ͑with Teflon film͒ to avoid alcohol evaporation as much as possible. The changes in the solvent composition due to this effect, estimated by weighing the sealed cuvettes, did not exceed 1.5%.
IV. RESULTS AND DISCUSSION
A. Particle characterization
The average particle diameter and the PDI was found to be 62.1 nm and 1.043, respectively. The size is suitable for SLS, and the PDI is close to 1 although it is not easy to prepare such monodisperse small latexes. 21, 22 The surface charge density surface in aqueous media was studied as a function of pH. The main conclusion is that surface increases only slightly with pH increasing from 4 to 9, which can be attributed to a majority of strong acid groups ͑likely sulfate arising from the initiator͒ and a minority of weak acid groups, as a result of the Kolthoff reaction. The surface charge density at the given experimental conditions ( pH ϳ5.5-6) was estimated to be 1.68 C/cm 2 . The surface charge density enclosed by the shear plane ( ) for the studied alcohol-water mixtures at an ionic strength of 0.0316 M of KBr was calculated from the corresponding mobility measurements. In order to do that, the -potential was determined from e by means of the O'Brien-White theory ͑experimental values of and ⑀ were used͒. Then, was obtained applying the following relation for a z:z electrolyte 24 ϭ ⑀ r ⑀ 0 kT ze
which takes the particle curvature into account and gives to within 5% for aϾ0.5 for any -potential. The results are shown in Fig. 1 . First we will focus on the fact that, in aqueous media and at moderate or high ionic strength, is approximately equal to 0 . This result has been found by other workers as well 25, 26 ͑at least for latexes with small and moderate surface charge densities͒ so we will use as an estimation of 0 in nonaqueous media. According to this, the decrease observed in with increasing alcohol molar fraction can be explained. The decrease in ⑀ r with increasing alcohol molar fraction X causes a reduction in the degree of dissociation of the functional groups. As a result, a decrease in 0 is also expected ͑as reported by other authors 26 ͒. This effect would be more pronounced in ethanol-water mixtures since in this case ⑀ r decreases more rapidly with X.
B. Structure factors
The reproducibility of the structure factors was tested in a simple manner prior to the study of such functions in different nonaqueous media. Structures were formed in a methanol-water mixture (Xϭ0.15) in two different cells ͑1 and 2͒. The outer diameter of cells 1 and 2 was 2.5 and 1 cm, respectively. The results, shown in Fig. 2 , suggest that the structure factors in these media are also reproducible, although some care must be taken. 16 The structure factors observed in methanol-water and ethanol-water mixtures (Xϭ0.08,0.15,0.30) at ϭ4.8 ϫ10 12 p/ml are plotted in Fig. 3 . It must be mentioned that Xϭ0.30 is equivalent to 50% in mass ͑in round numbers͒ for these solvents, so the maximum alcohol content is moderately high. The structure factor of this system in water (X ϭ0) at the same is shown and discussed elsewhere. 16 As can be seen, the behavior of S(q) in methanol-and ethanolwater seems to be rather different. In the first case, the functions are quite similar ͑including Xϭ0͒ and the height of the main peak is almost identical. For the ethanol-water mixtures, the height of the main peak decreases with increasing X, being remarkable at Xϭ0. 30 . In other words, the presence of ethanol molecules in the solvent has a considerable effect on the observed spatial structure for a suspension of strongly interacting colloidal particles. This does not occur for the methanol-water case, at least for XϽ0. 30 .
Before determining the effective charge, a preliminary discussion of these results will be given. As mentioned in Sec. I the interaction potential can be modified by the alteration in ⑀ r which a change in the solvent composition causes. The effect of such modification on S(q) for a fixed Z is elucidated by a concrete example. In Fig. 4 , the height of the main peak (S max ) as a function of ⑀ r for Z ϭ250 e Ϫ /particle and ϭ5ϫ10 12 particle/ml is shown. As can be seen, S max increases slightly with decreasing ⑀ r ͑up to 10% from ⑀ r ϭ78.5 to ⑀ r ϭ48͒. This a result of two opposite effects. On one hand, the factor 1/4⑀ 0 ⑀ r in Eq. ͑1͒ increases. On the other hand, Ϫ1 decreases ͓see Eq. ͑2͔͒. At any rate, one can conclude that the height of the main peak must increase slightly with X ͑regardless of the nature of the mixture͒ if Z remains constant. The methanol-water series presents such behavior, but ethanol-water series does not. So a decrease in the effective charge must be observed in order to explain the diminishing trend.
The experimental structure factors were fitted using the Yukawa potential, the Ornstein-Zernike equation, and the HNC closure. This approximation was chosen because it has been proved to be suitable for charged systems. 13, 27, 28 The use of the theory for monodisperse spheres was also checked. Polydispersity can have a considerable influence on the structure factor at very low q as well as the height of the main peak, as reported by D'Aguanno et al. 29 In our case, the latter effect is not significant as a consequence of polydispersity being small. The effective charge calculated at X ϭ0 ͑aqueous medium͒ assuming monodispersity turned out to be practically identical to that accounting for polydispersity. As deviations due to such effect are likely to be within the experimental error, and the calculations are computationally more complicated, the theory for monodisperse spheres was applied. Some details on the numerical method and the fitting procedure are given elsewhere. 16, 28 It should be stressed that, if complete deionization is assumed, ϭͱe 2 Z/⑀ 0 ⑀ r kT since the H ϩ number density is Z. The theoretical structure factors fitting the experimental data are plotted in Fig. 3 . As can be seen, there is an extremely good agreement, except at low q values. This has been attributed to polydispersity by several authors. 13, 29 The presence of large aggregates scattering preferentially into the forward direction could be a feasible explanation as well. The effective charges ͑in absolute value͒ and the particle number densities obtained through fitting ͑denoted by Z eff and fitted , respectively͒ are shown in Table II . The agreement between fitted and the values estimated from the dilution procedure is fairly good, especially if experimental errors ͑like those corresponding to size measurements͒ are considered.
With regard to the charge, it is remarkable that Z eff is significantly smaller than the surface charge ͑per particle͒ determined through titrations in aqueous medium (Z surface ϭ1270 e Ϫ /particle) and estimated from at high electrolyte concentration ͑as mentioned above͒. This fact, which has been widely reported for suspensions in aqueous medium, is now observed for dispersions in alcohol-water mixtures. This effect was first attributed to the partial dissociation of the functional surface groups. 30 Then, renormalization was adopted as a likely cause for the discrepancy between Z eff and Z surface , since according to this theory a considerable reduction ͑compared to Z surface ͒ in the charge characterizing the electrostatic interaction is predicted for highly charged colloidal systems. This will be discussed later in a more detailed manner.
At this point, it is appropriate to check if the effect of polydispersity is negligible for the latex used in this study. With this aim, the structure factor was calculated for one of the cases (X methanol ϭ0.08) taking the size distribution into account. Moreover, we assumed that the charge of the macroions scales linearly with the surface area ͑so size polydispersity involves charge polydispersity͒. The calculations were performed following the prescription reported in Ref. 29 . Polydispersity was modeled by an m-component discretization of the size distribution obtained by TEM. For systems with a large m, the computational time needed for solving the set of coupled integral equations could be extremely long, so mϭ3 was chosen in this work. The diameters ͑ i , i ϭ1,2,3͒ and the number fractions ͑x i , iϭ1,2,3͒ characterizing this discretization were determined requiring the equality of the first moments of the three-component distribution and   FIG. 4 . Height of the main peak (S max ) as a function of ⑀ r for Z ϭ250 e Ϫ /particle and ϭ5ϫ10 12 particle/ml.
FIG. 3.
Experimental structure factors ͑͒ for suspensions of latex PS1 (ϭ4.8ϫ10 12 particle/ml) in methanol-water mixtures ͑Xϭ0.08, 0.15, 0.30͒ and ethanol-water mixtures ͑Xϭ0.08, 0.15, 0.30͒. Theoretical structure factors obtained from the HNC closure assuming monodispersity ͑--͒ and considering polydispersity ͑---͒ ͑see text͒.
the original size distribution. The experimental structure factor was fitted using ϭ5.2ϫ10
12 particle/ml and Z eff ϭ260 e Ϫ /particle. The corresponding fit is shown in Fig. 3 ͑dashed line͒. As can be seen, there is no significant difference between this effective charge and the one determined assuming monodispersity. Likewise, the structure factors calculated in both cases are quite similar. This should not be surprising since the standard deviation in size ͑see Table I͒ Although a numerical disagreement between Z eff and Z surface is found, a similar qualitative behavior is observed comparing Figs. 5 and 2. Z eff is practically constant for methanol-water mixtures with Xр0. 30 . On the contrary, a clear decrease in Z eff with X is encountered for ethanolwater mixtures. Likewise, the decrease in Z surface is much more pronounced in ethanol-water media ͑probably because ⑀ r decreases more rapidly as well, as mentioned above͒. So one could be tempted to explain this resemblance by means of renormalization. With this aim, the cell model proposed by Alexander et al. 9 was applied since it is computationally simple and allows for the presence of surrounding particles. Accordingly, the solution of the linearized PoissonBoltzmann equation ͑PBE͒ approximating asymptotically the solution of the PBE at the cell boundary underestimates its magnitude and slope at short distances. This underestimation can be reinterpreted as a renormalization of the surface charge (Z ren ) and the Debye screening length. Figure 6 illustrates the dependence of the renormalized charge on the charge used as input in the model ͑for instance, the surface charge͒ for a suspension with ϭ4.8ϫ10
12 particle/ml, ϭ62 nm, and ⑀ r ϭ78.5 ͑full line͒. As can be seen, for small charges, both are equal. As Z increases, Z ren becomes smaller than Z and seems to tend to a saturation value. Z ren also depends on ⑀ r as observed in Fig. 6 . With decreasing ⑀ r the magnitude of the electrostatic potential increases, so the effect of renormalization must be more considerable, and Z ren decreases. This reduction is particularly noticeable for the saturation value and tends to be negligible for small values of Z. Figure 5 shows the obtained Z ren values from Z surface for methanol-and ethanol-water mixtures. As can be observed, Z ren decreases linearly with increasing X ͑more rapidly for ethanol-water media͒. If the renormalized charges are interpreted as predictions of effective charges, this decrease contrasts strongly with the constancy of Z eff for the methanolwater media. In other words, if a constant renormalized charge is wanted, an increasing Z as a function of X is needed as input in the renormalization procedure. As a reduction in Z surface is expected with the presence of alcohol molecules in the solvent, one can conclude that Z surface is not a suitable parameter for this theory. Both Z ren and Z eff decrease with X for ethanol-water mixtures, but not exactly in the same manner. Moreover, the renormalized charges are found to be moderately larger than the effective charges obtained from experimental data. This fact, which has been pointed out by Gisler et al. 13 and Quesada-Pérez et al., 16 also 
supports the idea that renormalization does not work properly if Z surface is used as input parameter.
This raises an open question. What is the reduced charge ͑as compared to Z surface ͒ that must be used for these calculations? Several authors have suggested models proposing a significant reduction of the surface charge. For instance, Gisler et al. 13 applied three different models on the basis of charge regulation: the infinite charge model, the mixed sulfate-carboxylate model, and the pure carboxylate model. The best agreement was achieved in the latter case. But this assumption is not conceivable here, since the majority of surface groups are likely to sulfate. Palberg et al.
14 put forward the shear modulus titration as an experimental access to the actual surface charge. In addition, they suggest that the dissociation of sulfate groups is responsible for the considerable charge reduction. However, it should be stressed that the calculations with the mass equation are performed using surface concentrations instead of bulk values. As an example of such procedure, the results for the suspension in water (Z eff ϭ250 e Ϫ /particle) will be discussed. The renormalization approach under such conditions leads to ͑i͒ a surface proton concentration ͓H ϩ ͔ s of 3.67ϫ10 Ϫ3 mol/l, and ͑ii͒ a surface charge of about 290 e Ϫ /particle, so the degree of dissociation ␣ must be rather low (␣ϳ0.3). The dissociation constant of the sulfate groups is given by K sulfate ϭ␣͓H ϩ ͔ s /(1Ϫ␣), which allows us to derive pK sulfate ϭ2.79. This pK sulfate could be reasonable, especially if we consider that these functional groups are not free in solution but bound to the surface. However, the constancy of Z eff in methanol-water media ͑for Xр0.30͒ requires an increasing degree of dissociation with the presence of alcohol molecules ͑as discussed earlier͒, which is questionable. Furthermore, extremely high pK sulfate are found if other systems, such as the ones reported in Ref. 16 , are analyzed.
At any rate, these results suggest that renormalization is not enough in order to explain the experimentally obtained Z eff values from scattering data. Regardless of the model for the inner part of the electric double layer applied in the calculations, the ions close to the surface and partially immobilized would have a neutralizing ͑rather than a screening͒ effect. As a consequence of such neutralization, a reduced ͑diffuse͒ charge would be observed. The model predicting this charge is still a controversial problem.
V. CONCLUSION
The structure factors ͑measured by SLS͒ for a system of polymeric colloidal spheres suspended in alcohol-water mixtures can be fitted using a Yukawa potential, which supports the suitability to use such potential in those media. The influence of the solvent on the potential ͑and the microstructure derived from it͒ is not only on the dielectric constant, but also on the effective charge. This magnitude exhibits a behavior which depends on the nature of the alcohol. In methanol-water media, Z eff remains almost constant as function of the molar fraction X ͑at least for Xр0.30͒. Nevertheless, a reduction in Z eff is found for ethanol-water mixtures. This behavior resembles the one observed for the surface charge in those media, which can be explained considering the effect of ⑀ r on that charge as well as the fact that ⑀ r decreases more rapidly with X for ethanol-water mixtures. However, a numerical coincidence between Z eff and Z surface does not exist since the effective charges are sensibly smaller than Z surface . Thus a renormalization procedure has been tried so as to account for this noticeable difference. It has been shown that Z surface is not a suitable input parameter for this approach. Moreover, a model allowing only for the dissociation of sulfate groups does not work properly.
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